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(57)Abstract 

PROBLEM TO BE SOLVED: To produce steel excellent in cold workability after spheroidizing annealing and induction hardenability 
having graded grains without grain coarsening even if induction hardening is executed under the conditions of high temp, and longtime, 
to provide parts for machine structure using it as a base material and to provide a method for producing the same. 
SOLUTION: The parts for machine structure contain (1) 0.40 to 0.6% 0, >1.0 to 0.30% Si. 0.10 to 0.60% Mn, 0.0005 to 0,005% B. 0.005 to 
0.05% Mb, 0.005 to 0.05% Ti, >0,050 to 0.10% Al. and the balance Fe with impurities, and. in the impurities, <0.015% P. <0.015% S. <0.10% 
Cu. <0.10% Ni. <0.15% Cr. <0.10% Mo. <0.005% N and <0.005% O are controlled. (2) The base material has the chemical compsn. of (1) 
and provided with a quench-hardening layer of spheroidized carbides and graded grains of ^5 JIS grain size number. (3) The steel is 
heated to >1200'' C. and thereafter subjected to hot working and then subjected to spheroidizing annealing and cold working to be 
formed into a prescribed shape, and. after that, induction hardening is executed finally to produce the parts. 
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* NOTICE.S ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %. C:0.40 - 0.60% and Si:0.10% are exceeded. 0.30% or less. Mn: 0.10-0.60%. B:0.0005 - 0.005%. Nb:0.005-0.05%. 
Exceed Ti:0.005-0.05% and aluminum:0.050% and 0.10% or less is contained. The remainder consists of Fe and an unescapable impurity. 
• P in an impurity 0.015% or less. For S, 0.005% or less and O (oxygen) are the steel for cold working which was excellent in the induction 
hardening nature 0.10% or less and whose N of 0.15% or less and Mo 0.10% or less and Cr are [ Cu ] 0,005% or less for 0.10% or less and 
nickel 0.015% or less. 

[Claim 2] The carbide with which a base material has chemical composition according to claim 1, and spheroidized, and the machine 
structural steel worker components with which an austenite grain size is equipped with the hardening hardening layer of a with a JIS 
grain-size numbers of five or more particle size regulation. 

[Claim 3] The manufacture approach of the machine structural steel worker components which hot working is carried out after heating 
at 1200 degrees C or more, and are subsequently characterized by carrying out cold working, fabricating the steel materials which have 
the chemical composition according to claim 1 by which spheroidizing was carried out in a predetermined configuration, and carrying 
out induction hardening after that 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a machine structural steel worker component and its manufacture approach at the 
steel list for cold working excellent in induction hardening nature. In more detail, the deformation resistance at the time of cold working 
is small, and is excellent in induction hardening nature, and, moreover, for example, heating unit skin temperature is related with the 
. machine structural steel worker component with which the holding time used as the base material steel for cold working which do not 
coarse-grain-ize even if it carries out induction hardening on condition that [ former /, such as 10 seconds, ] an elevated temperature 
and long duration, that is, is a ready fine grain, and its steel at 1 150 degrees C, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, after machine structural steel worker components, the constant- velocity joint which are 
the circumference components of a guide peg of an automobile especially cut the machine structural steel worker medium-carbon- 
steel steel materials (S45C, S48C. etc.) of JIS by which hot forging was carried out and they carried out fabrication to the 
predetermined configuration, induction hardening of it was carried out, and it was further manufactured by annealing if needed. 
[0003] However, since dimensional accuracy was inferior in the case of hot forging, it needed to heavy machine, in order to fabricate in 
a predetermined configuration, and the cost of cutting increased, and it was not able to avoid that the yield became low further. Then, 
dimensional accuracy is high, therefore cold forging which can reduce the amount of cutting has come to be adopted in recent years. 
[0004] When performing the above-mentioned cold forging, in order to lower deformation resistance, spheroidizing is beforehand given 
to a work material. However, since deformation resistance was high even if it performed spheroidizing annealing when the above 
mentioned machine structural steel worker medium-carbon-steel steel materials of JIS were used, also when strong processing was 
performed at the time of cold forging and a crack arose on the components by which the tool life fell, and cold forging was carried out 
since deformability was low. it was. 

[0005] Furthermore, in recent years, induction hardening has been performed more often on condition that an elevated temperature 
and long duration compared with the former for the purpose of high-intensity-izing of machine structural steel worker components. 
However, if induction hardening is carried out on such conditions, in the case of the above mentioned machine structural steel worker 
medium-carbon-steel steel materials of JIS, it will coarse-grain-ize extremely. 

[0006] The technique of making formability in cold forging improving is proposed by JP,1-38847.B, JP.2-47536,B. JP.5-59486A JP.9- 
268344 A JP,9-272946A JP.9-287054A JP.9-287055,A, JP,2-145744.A, etc., securing induction hardening nature to such a problem. 
[0007] However, since the steel proposed by JP.1-38847,B had few contents of aluminum, it had the case where the hardening 
disposition top effectiveness of B was difficult to get 

[0008] Since there were few contents of aluminum, the steel proposed by JP.2-47536,B and JP,5-59486.A may have the hardening 
disposition top effectiveness of B difficult to get, and since it moreover did not contain Nb. it had the case where big and rough-ization 
of crystal grain was produced. Furthermore, since the content of Si was low, there was a case where the detachability of the scale 
produced with heating before hot working was inferior. 

[0009] Since there were few contents of aluminum, the steel indicated by JP.9-268344.A and JP,9-272946.A may have the hardening 
disposition top effectiveness of B difficult to get. and since it moreover did not contain Nb. it had the case where big and rough-ization 
of crystal grain was produced. 

[0010] Since the steel proposed by JP,9-287054,A had the high content of Si, it was what cannot avoid degradation of cold-working 
nature easily. 

[001 1] Since the steel indicated by JP.9-287055,A had the high content of Mn. it was what cannot avoid degradation of cold-working 
nature easily. 

[0012] As for the technique indicated by JP.2-145744A compound addition of Nb and Ti is not carried out For this reason, when 
induction hardening of the steel proposed in this official report was carried out, there was a case where big and rough-ization of crystal 
grain was produced. If induction hardening is performed on condition that an elevated temperature and long duration compared with the 
former for the purpose of high-intensity-izing machine structural steel worker components especially, it will coarse-grain-ize 
extremely. Furthermore, since the steel proposed in the above-mentioned official report did not contain B as an essential element, it 
had the case where the desired induction hardening depth was not obtained. And in the case of the steel which does not contain B. 
since there were many contents of an alloy element compared with the steel containing B which has equivalent hardenability, the 
deformation resistance at the time of cold forging might become high, and formability in cold forging might be inferior. In addition, it was 
what cannot avoid easily that the scale generated by hot working or spheroidizing cannot fall easily due to the process of descaling, 
and carry out a long duration important point to descaling, or the process becomes complicated. 
[0013] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the machine structural steel worker component which used 
as the base material the steel for cold working and steel of the low cost die which was made in view of the above-mentioned present 
condition, does not coarse-grain-ize even if the deformation resistance at the time of cold working which makes cold forging the start 
is small, and is excellent in induction hardening nature and it moreover carries out induction hardening on condition that an elevated 
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temperature and \6ng duration conventionally, but presents a ready fine grain, and its manufacture approach. Specifically the 
deformation resistance at the time of cold working is low 10% or more, moreover, the limitation which the crack as deformability 
generates sets to the JIS machine structural carbon steel of equivalent C content and the rate of a lump is 85% or more. The 
hardening depth set to 400 with Vickers hardness (Hv) when induction hardening is carried out t t/r is 0.3 or more, using the average 
diameter of the induction hardening section as r, and at 1150 degrees C, even if heating unit skin temperature carries out induction 
hardening on conditions which the holding time calls 10 seconds It aims at the hard spots after induction hardening, i.e., the austenite 
grain size of a hardening hardening layer mentioned later, being five or more JIS grain-size numbers, and being a particle size 
regulation. In addition, the "hardening hardening layer" which is a hard spot after induction hardening points out the thing of the part 
which becomes 400 or more by Hv. A "particle size regulation" means consisting of a grain without or more 3 difference by the grain- 
size number. 
[0014] 

[Means for Solving the Problem] This invention makes a summary the manufacture approach of the machine structural steel worker 
components shown in the machine structural steel worker components shown in the steel for cold working excellent in the induction 
hardening nature shown in following (1). and a list (2). and (3). 

[0015] By weight %. C:0.40 - 0.60% and Si:0.10% are exceeded. (1) 0.30% or less. Mn: 0.10-0.60%. B:0.0005 - 0.005%. Nb:0.005-0.05%. 

. Exceed Ti:0.005-0.05% and aluminum:0.050% and 0.10% or less is contained. The remainder consists of Fe and an unescapable impurity. 
P in an impurity 0.015% or less. For S. 0.005% or less and O are the steel for cold working which was excellent in the induction 
hardening nature 0.10% or less and whose N of 0.15% or less and Mo 0.10% or less and Cr are [ Cu ] 0.005% or less for 0.10% or less and 

" nickel 0.015% or less. 

[0016] (2) The carbide with which a base material has the chemical composition of a publication in the above (1). and spheroidized, and 
the machine structural steel worker components with which an austenite grain size is equipped with the hardening hardening layer of a 
with a JIS grain-size numbers of five or more particle size regulation. 

[0017] (3) The manufacture approach of the machine structural steel worker components which hot working is carried out after heating 
at 1200 or more degrees C, and are subsequently characterized by carrying out cold working of the steel materials which have the 
chemical composition of a publication in the above (1) by which spheroidizing was carried out. fabricating them in a predetermined 
configuration, and carrying out induction hardening after that. 

[0018] In addition, as it was already described as the "hardening hardening layer" as used in the field of above (2). the thing of the part 
set to 400 or more Hv(s) with hardening is pointed out. and a "particle size regulation" says consisting of a grain without or more 3 
difference by the grain-size number. 

[0019] this invention persons did plastic working by cold working, such as cold forging, after spheroidizing, and performed investigation 
and examination about the chemical composition of the steel used as the base material of the machine structural steel worker 
components subsequently conventionally manufactured by the induction hardening in elevated-temperature long duration. 
Consequently, the following knowledge was acquired. 

[0020] ** Since it is big and rough, as for the niobium titanium carbon nitride [NbTi (CN)] which deposits in case the steel which 
carried out compound addition of Nb and Ti solidifies, there is no effectiveness in big and rough-ized prevention of the austenite grain 
at the time of induction hardening. However, if above [NbTi (CN)] is made detailed, since the so-called "pinning operation" will be 
demonstrated, big and rough-ization of an austenite grain can be prevented. 

[0021] What is necessary is to make high whenever [ stoving temperature / in the case of hot working ]. to make a base once 
dissolve, and just to make it re-deposit at the time of following processing and cooling, in order to make [NbTi (CN)] detailed. 
[0022] ** Big and rough-ized prevention of the austenite grain by above detailed [NbTi (CN)] is demonstrated greatly [ when especially 
Mn content of steel is low ], at 1 150 degrees C, even if heating unit skin temperature carries out induction hardening of it on condition 
that [ former / which the holding time calls 10 seconds ] an elevated temperature and long duration, it does not coarse-grain-ize it. but 
it serves as a ready fme grain. 

[0023] *^ While stopping Mn content low. even if [NbTi (CN)] is detailed, in the case of the steel which made Si. Nb. Ti. aluminum, and 
B of a proper amount contain, fully soften in the usual spheroidizing. Therefore, it compares with the JIS machine structural carbon 
steel of equivalent C content, the deformation resistance at the time of cold working is low. and. moreover, deformability is large 
enough. 

[0024] ** The steel which adjusted the content of Mn, Nb, Ti, aluminum, and B, and adjusted the content of N as an impurity element 
low has good induction hardening nature. 

[0025] ^ Heating unit skin temperature can fill easily [ above mentioned t/r / 0.3 or more ] with 1 150 degrees C the steel which 
adjusted the content of C. Mn. Nb. Ti. aluminum, and B. and adjusted the content of N as an impurity element low. even if it carries out 
induction hardening on condition that [ former / which the holding time calls 10 seconds ] an elevated temperature and a long time. 
[0026] This invention is completed based on the above-mentioned knowledge. 
[0027] 

[Embodiment of the Invention] Hereafter, each requirement for this invention is explained in detail. In addition. "% of the content" of a 
chemical entity means "% of the weight" 

[0028] (A) C:0.40 - 0.60% of chemical composition C of base material steel is the element which affects induction hardening nature, and 
it is an element effective in securing the hardness and the depth of a hardening hardening layer, and giving a desired mechanical 
property to machine structural steel worker components. However, the content is deficient in the addition effectiveness at less than 
0.40%. On the other hand, when it is made to contain exceeding 0.60%. cold-working nature may deteriorate, without fully softening, 
even if it carries out spheroidizing. or degradation of toughness and generating of a quench crack may be caused. Therefore, the 
content of C was made into 0.40 - 0.60%. 

[0029] Si: 0.10% is exceeded and 0.30%or less Si has the effectiveness which raises stabilization and reinforcement of deoxidation of 
steel. Furthermore, since the steel which added Si generates the fire light (Fe2Si04) which is a low-melt point point oxide during 
heating for hot working, descaling nature will become very good if it heats more than the melting point (1 173 degrees C). However, the 
content is deficient in the addition effectiveness at 0.10% or less. On the other hand, if a content is carried out exceeding 0.30%. the 
deformation resistance at the time of cold working will become large, and will cause the fall of cold-working nature. Therefore, it 
exceeded 0.10% and the content of Si was made into 0.30% or less. In addition, it is good to make Si contain exceeding 0.15% preferably. 
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[0030] Mn: 0.10 - 0.60%Mn Is an effective element In order to secure reinforcement, while fixing S in steel and raising hot-working 
nature, and It needs making it contain 0.10% or more. On the other hand. If the content of Mn exceeds 0.60%, deformation resistance will 
become large and will cause degradation of cold-working nature. Therefore, the content of Mn was made into 0.10 - 0.60%. In addition, 
as for Mn content, considering as 0.10 - 0.40% is desirable. 

[0031] B:0.0005 - 0.005%B Is an element effective in securing good Induction hardening nature, without checking cold-working nature. 
However, the content is deficient In the addition effectiveness at less than 0.0005%. On the other hand, if It is made to contain 
exceeding 0.005%. about [ that the effectiveness is saturated ] and grain boundary embrittlement may be caused. Therefore, the 
content of B was made into 0.0005 - 0.005%. 

[0032] Nb: Although 0.005-0.05%Nb combines with Ti and forms [NbTi (ON)], if this [NbTi (ON)] is deposited minutely, even when 
induction hardening Is carried out on condition that [ before ] an elevated temperature and a long time. It can prevent coarse-graln- 
izatlon. However, the effectiveness of a request of the content at less than 0.005% is not acquired. On the other hand, when it exceeds 
0.05%, making deformation resistance increase may not be avoided, and big and rough non-dissolved carbon nitride may remain, and 
degradation of cold-working nature may be caused. Therefore, the content of Nb was made into 0.005 - 0.05%. In addition, considering 
as 0.03% is desirable, and if the upper limit of Nb content is made into 0.02%, it is much more desirable. 
. [0033] Ti: Although 0.005 - 0.05%Ti combines with Nb and forms [NbTi (ON)], if this [NbTi (ON)] is deposited minutely, even when 
induction hardening is carried out on condition that [ before ] an elevated temperature and a long time, it can prevent coarse-grain- 
Ization. However, the content Is deficient In the addition effectiveness at less than 0.005%. On the other hand, when It exceeds 0.05%, 
making deformation resistance Increase may not be avoided, and big and rough non-dissolved carbon nitride may remain, and 
degradation of cold-working nature may be caused. Therefore, the content of TI was made Into 0.005 - 0.05%. In addition, considering 
as 0.03% is desirable, and if the upper limit of Ti content is made into 0.015%, it is much more desirable. 

[0034] aluminum: 0.050% is exceeded and aluminum has deacidification 0.10% or less. Furthermore, since a nitride is generated and N in 
steel is fixed, there Is an operation which controls work hardening at the time of cold working. Moreover. It Is effective also in securing 
the Induction hardening disposition top effectiveness of B by Immobilization in [ N ] steel. However, the content Is deficient in the 
addition effectiveness at 0.050% or less. On the other hand, if it is made to contain exceeding 0.10%, the deformability of steel will faW at 
the time of cold working. Therefore, the content of aluminum was made into 0.10% or less exceeding 0.050%. 
[0035] In this invention. P, S, Cu, nickel. Or. Mo. N. and O as an impurity element are restricted as follows. 

[0036] P:0.015%or less P will reduce the deformability at the time of cold working. If the content of P exceeds 0.015% especially, the fall 
of the deformability at the time of cold working will become remarkable. Therefore, the content of P as an Impurity element was made 
Into 0.015% or less. 

[0037] S:0.015%or less S will also reduce the deformability at the time of cold working. If the content of S exceeds 0.015% especially, 
the fell of the deformability at the time of cold working will become remarkable. Therefore, the content of S as an impurity element was 
made into 0.01 5% or less. 

[0038] Cu: Less than [ 0.10% ] Cu will raise deformation resistance, and will degrade cold-working nature. If the content of Cu exceeds 
0.10% especially, degradation of cold-working nature will become remarkable. Therefore, the content of Cu as an impurity element was 
made into 0.10% or less. In addition, as for Cu content regulating to 0.05% or less Is desirable. 

[0039] nickel: 0.10%or less nickel will raise deformation resistance, and will degrade cold-working nature. Furthermore, descaling after 
spheroidizing is made difficult. If the content of nickel exceeds 0.10% especially, the fall of cold-working nature and the fall of descaling 
nature will become remarkable. Therefore, nickel content as an impurity element was made into 0.10% or less. In addition, as for nickel 
content, regulating to 0.05% or less Is desirable. 

[0040] Cr: Less than [ 0.15% ] Cr will also raise deformation resistance, and will degrade cold-working nature. Furthermore, descaling 
after spheroidizing is made difficult. If the content of Cr exceeds 0.15% especially, the fell of cold-working nature and the fall of 
descaling nature will become remarkable. Therefore. Cr content as an impurity element was made into 0.15% or less. In addition, as for 
Cr content regulating to 0.10% or less is desirable. 

[0041] Mo: 0.10%or less Mo will raise deformation resistance, and will degrade cold-working nature. Furthermore, descaling after 
spheroidizing will be made difficult If the content of Mo exceeds 0.10% especially, the fall of cold-working nature and the fell of 
descaling nature will become remarkable. Therefore. Mo content as an impurity element was made into 0.10% or less. In addition, as for 
Mo content, regulating to 0.05% or less is desirable. 

[0042] N:0.005%or less N will raise deformation resistance, and will degrade cold-working nature. Since it Is easily connected with B and 
BN is formed, it becomes impossible furthermore, to secure the induction hardening disposition top effectiveness of B. If the content of 
N exceeds 0.005% especially, while the fall of cold-working nature becomes remarkable, the induction hardening disposition top 
effectiveness of B will become difficult to get Therefore, N content as an impurity element was made Into 0.005% or less. In addition, 
regulating to 0.004% or less is desirable, and If N content is made Into 0.003% or less, it is much more desirable. 

[0043] O (oxygen):0.005%or less O will form an oxide, and will reduce the deformability at the time of cold working. If the content of O 
exceeds 0.005% especially, the fell of the deformability at the time of cold working will become remarkable. Therefore, the content of O 
as an impurity element was made into 0.005% or less. 

[0044] (B) [NbTi (CN)] with the steel big and rough all over the solidification structure which has the chemical composition of a 
publication in the above (A) which carried out compound addition of the hot working Nb and Ti exists. This big and rough [NbTi (CN)] 
serves as an origin of the processing crack in next cold working, and does not have effectiveness in big and rough-ized prevention of 
the austenite grain at the time of Induction hardening, either. 

[0045] However, since high temperature, then high [NbTi (CN)] 1200 degrees C or more once dissolve on a base, whenever [ stoving 
temperature / in the case of hot wori^ing which makes hot rolling the start ] is minutely re-deposited at the time of following 
processing and cooling and the so-called "pinning operation'*^ can be demonstrated, big and rough-ized prevention of an austenite grain 
Is attained. Therefore, whenever [ stoving temperature / of hot working ] was made Into 1200 degrees C or more. In addition, although 
it Is not necessary to specify especially the upper limit of whenever [ this stoving temperature ], in order to hold down the energy cost 
for heating, to stop scale loss further and to raise the yield, considering as 1350 degrees C is desirable. 

[0046] (C) The steel which has the chemical composition of a publication is processed into the spheroidizing above (A) between the 
post heating heated by the above (B) on condition that the publication, and further, in order to lower the deformation resistance at the 
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time of cold workirtg, spheroidizing is given. What is necessary is not to specify especially this spheroidizing and just to perform it by 
the usual approach. 

[0047] (D) Cold worthing, such as cold forging, is performed to the steel materials which have the chemical composition of a publication 
in the above (A) by which spheroidizing was carried out after cold-working hot working, and they are fabricated by the machine 
structural steel worker components of a predetermined configuration. What is necessary is not to specify especially the approach of 
this cold working and just to perform it by the usual approach. 

[0048] In addition, in order to enable it to secure the particle size regulation organization of a with a JIS grain-size numbers of five or 
more which the hard spot after the induction hardening of the machine structural steel worker components fabricated by the 
configuration predetermined by cold working (hardening hardening layer) stabilizes for which and mentions later austenite grain size 
Cold working is good to carry out so that the amount of processings in the part which the biggest processing joins in processed 
components may become 2.5 or less by the equivalent strain expressed with the following (a) type, and if it is performed so that it may 
become 2.0 or less by the equivalent strain, it is much more desirable. 
[0049] 

epsilon= I(epsilon12+epsilon22+epsilon32) x2 / 3} One half.... (a) 

epsilon 1 [ in / here / the (a) type ], epsilon 2. and epsilon 3 It is the logarithmic strain of a principal direction. 
- [0050] (E) Induction hardening is carried out. or annealing is given after induction hardening if needed, and the machine structural steel 
worker components which have a desired mechanical property are made to the steel materials which have the chemical composition of 
a publication in the induction hardening above (A), spheroidizing was carried out after hot working, and cold working was carried out 
after that, and were fabricated by the predetermined configuration. 

[0051] the austenite grain size in the hardening hardening layer of machine structural steel worker components is not less than 5 by 
the JIS grain-size number, or a particle size regulation — that is, the thing which heat treatment distortion produces in being a mixed 
grain size — in addition, toughness falls, dispersion in hardness (reinforcement) arises, and especially the fall of toughness when the 
reinforcement of machine structural steel worker components is high is remarkable. Therefore, it was prescribed that the hardening 
hardening layer of machine structural steel worker components was the particle size regulation of a with a JIS grain-size numbers of 
five or more austenite grain size. In addition, as for a JIS grain-size number, it is desirable that it is six or more. Since toughness 
Improves the more the more a JIS grain-size number is larger as austenite crystal grain is small that is. it is not necessary to prepare 
an upper limit in a JIS grain-size number. 

[0052] To the Induction hardening in the conditions whose holding times are about several seconds at about 950 degrees C. the usual 
conditions, i.e., heating unit skin temperature, crystal grain does not make big and rough steel concerning this Invention which has the 
chemical composition of a publication in the above (A), and a with a JIS grain-size numbers of five or more ready fine grain Is obtained 
for an austenite grain size. Furthermore, even if heating unit skin temperature carries out Induction hardening at 1150 degrees C on 
condition that [ former / which the holding time calls 10 seconds ] an elevated temperature and a long time, an austenite grain size is 
adjusted so that a with a JIS grain-size numbers of five or more ready fine grain may be obtained. For this reason, especially the 
approach of induction hardening is not specified. 

[0053] In addition, the steel materials which carried out Induction hardening after cold working twist, depending on the hardening depth 
which becomes 400 or more by Hv as the induction hardening depth, t/r twists reinforcement less than by 0.3. and reinforcement 
becomes small. Therefore, when the components by which Induction hardening is carried out are large-sized that is. if r carries out 
induction hardening on condition that usual in being large. 0.3 or more may not be obtained by t/r. In such a case, it is necessary for 
heating unit skin temperature which was already described in order to secure 0.3 or more by t/r to carry out induction hardening at 
1150 degrees C on condition that [ former / which the holding time calls 10 seconds ] an elevated temperature and long duration. Even 
if the steel concerning this invention which has the chemical composition of a publication in the above (A) is such a case, crystal grain 
does not make it big and rough. 

[0054] Hereafter, an example explains this invention. 
[0055] 

[Example] The steel which has the chemical composition shown in Table 1 and Table 2 was ingoted using test kiln by the usual 
approach. Steel a-r in the steel of the example of this invention with which steel A-N in Table 1 has chemical composition within the 
limits of the content specified by this invention, and Table 1 is the steel of the example of a comparison from which either of the 
components separated from the range of the content specified by this Invention. Steel p, Steel q, and Steel r are steel which is 
equivalent to S40C. S50C, and S58C of JIS, respectively among the steel of the example of a comparison. 
[0056] 
[Table 1] 
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[0057] 
[Table 2] 
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[0058] Subsequently, after making such steel into slab by the usual approach, hot forging was heated and carried out to 1100 degrees 
C or 1250 degrees C, and it considered as the round bar with a diameter of 65mm. Then, according to C content, spheroidizing was 
performed by the usual approach. 

[0059] From the R/2 section (R is the radius of the round bar) of the round bar whose diameter obtained as mentioned above is 65mm, 
the diameter cut down the test piece for cold working whose die length is 22.5mm by 15mm. and performed the constraint type **** 
lump trial between the colds (room temperature) by the usual approach by 500t high-speed press machine, the limitation which a crack 
generates set, and the rate of a lump was measured. In addition, it set, and to 85%, for every monograph affair, it set, the lump trial was 
performed and the rate of a lump evaluated 5 times of the minimum working ratio (setting rate of a lump) which a crack generates or 
more in three of five test pieces as a rate of a marginal **** lump. What sets and does not produce a three or more piece crack at 85% 
of rates of a lump ended the trial there. 

[0060] furthermore. 60% which is below the rate of a marginal lump of all steel — it set and the deformation resistance in the 
case of the rate of a lump (the equivalent strain in the test piece core where the biggest processing is added is 1.5) was measured. In 
addition, as shown in drawing 1 , deformation resistance was arranged with the content of C, the straight line for which it asked from 
the deformation resistance of the steel p equivalent to S40C. S50C. and S58C of JIS. Steel q. and Steel r was made into the 
deformation resistance of JIS steel for machine structural use. and it compared with the deformation resistance of the steel of the 
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example of this indention of steel A-N, and the steel of the example of a comparison of steel a-o. 

[0061] Moreover, from the round bar with an above-mentioned diameter of 65mm, the diameter cut down the test piece whose die 
length is 50mm by 63mm, and the diameter performed between the colds front extruding (60% (it is 1.3 at the equivalent strain of the 
test piece side surface section which the biggest processing Joins, i.e., the test piece outermost layer) of reduction of area) to 40mm 
by the usual approach. The test piece with a die length of 50mm was extracted from what carried out extruding to this diameter of 
40mm between the colds, and Induction hardening was performed to this. High-frequency heating carried out the average heating rate 
In 200 degrees C/second, and performed it on the following two conditions. That Is, they are the high-frequency-heating conditions in 
the frequency of 20kHz for enlarging the frequency of 20kHz, the heating unit skin temperature of 950 degrees C, the general high- 
frequency-heating conditions for holding-time 2 seconds, and the hardening depth, and high-intensity-izing them, the heating unit skin 
temperature of 1150 degrees C, and the elevated temperature and long duration for holding-time 10 seconds. In addition, water was 
used for the cooling medium. 

[0062] After performing Induction hardening, hardening depth (that Is, depth of hardening hardening layer) t set to 400 by surface 
hardness and Hv by the usual approach was measured. Subsequently, annealing for 30 minutes was performed at 1 50 degrees C using 
the electric furnace, and the hard spot after induction hardening, i.e., the austenite grain size of a hardening hardening layer, was 
measured by the usual approach. 

. [0063] The above-mentioned test result is collectively shown in Table 3 and 4. In addition, r in this example is the radius of a test piece 

with a diameter of 40mm. i.e., 20mm. 

[0064] 
' [Table 3] 
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[Table 4] 

m 4 













i 


















t 


5^ 


A 














\z is tt ^ 


Mf 






©J n PS ^ 




% 








t / 


r 




- 




6f 




























t 






















(M P a ) 




(9«) 


(t:) 


(H V ) 


(mm) 














15 


D 


* 


1100 


7 


1 


3 


0 


. 8 


6 


*♦ 


7 5 


1150 


6 


3 


5 


6 


. 1 


0. 


3 


1 






16 


E 


* 


1100 


7 


1 


5 


0 


8 


8 




7 0 


1150 


6 


3 


5 


6 


, 0 


0. 


3 


0 




. 0 




17 


*a 


* 


1100 


7 


6 


4 


0 


9 


1 




7 5 


1150 


8 


I 


3 


5 


. 9 


**0. 


2 


9 


6 


. 0 




18 


*b 


♦ 


1100 


7 


5 


1 


0 


9 


3 




7 5 


1150 


6 


3 


9 


5 


. 3 


0. 


3 


5 


5 


. 4 




IS 


* c 


* 


1 lOO 


8 


1 


5 


1 


0 


1 




7 5 


1150 


8 


3 


9 


7 


. 3 


0. 


3 


7 


6 


. 7 




20 


*d 




1250 


7 


6 


1 


0 


9 


2 




7 5 


1150 


7 


3 


7 


7 


. 2 


0. 


3 


6 


6 


. 2 


it 


21 


< e 




1250 


6 


9 


0 


0 


8 


5 




7 5 


1 150 


6 


5 


7 


5 


. 9 


0 . 


3 


0 


**4 


. 8 




22 


* f 




1250 


7 


0 


3 


0. 


8 


5 


lie* 


7 5 


L150 


7 


3 


7 


6 


. 9 


0. 


3 


5 


5 


. 6 




23 


«« 




1250 


7 


2 


5 


0. 


8 


8 




7 5 


1150 


7 


3 


0 


6 


. 6 


0. 


3 


3 


5 


. 3 




24 


*h 




1250 


7 


5 


9 


0. 


9 


2 




8 0 


1150 


7 


4 


4 


7 


. 8 


0. 


3 


9 


5 


. 5 




25 


* i 




1250 


7 


3 


5 


0. 


9 


1 




8 5 


1150 


6 


3 


0 


6 


. 8 


0 . 


3 


3 




. 6 




28 


* j 




1250 


7 


4 


0 


0. 


9 


1 




8 5 


1150 


0 


6 


6 


5 


. 2 


**0. 


2 


6 


**4 


. 4 




27 


*k 




1250 


6 


7 


7 


0. 


8 


2 




8 5 


1150 


7 


3 


7 


6 


. 5 


0. 


3 


3 




1 




28 


* 1 




1250 


7 


2 


3 


0. 


8 


9 




8 0 


950 


6 


3 


9 


4 


1 


** 0 . 


2 


I 


«*2 


8 




29 


*m 




1250 


7 


4 


3 


0. 


9 


0 




7 0 


S50 


7 


5 


1 


4 


. 2 


** 0 . 


2 


1 


6 


7 




30 


* n 




1250 


7 


1 


6 


o. 


8 


8 




7 0 


950 


6 


6 


6 


4 


. 2 


**0. 


2 


1 


5 


6 




31 


* o 




1250 


7 


2 


6 


0 . 


8 


8 




7 0 


950 


7 


2 


2 


3 


. 8 


**0. 


1 


9 


5 


8 




32 


*P 




1250 


8 


0 


6 


1 . 


0 


0 




8 5 


1150 


6 


2 


1 


5 


. 8 


♦ *0. 


2 


9 


*»3 


3 




33 


*q 




1260 


8 


1 


9 


1 . 


0 


0 




8 0 


1150 


7 


0 


7 


5 


6 




2 


8 




9 




34 


* r 




1250 




2 


9 


1 . 


0 


0 


tt 


7 8 


1150 


7 


6 


4 


5 


5 


»*0. 


2 


7 


«* 3 


8 



http://wwvv4.ipdl.ricipi.go.jp/cgi-bin/tran.vveb_cgLejje 



2006/09/07 



JP.2000-144307,A [DETAILED DESCRIPTION] 



7/7 



[0066] What used as the base material steel A-N of the example of this invention which has chemical composition within the limits of 
the content specified by this invention, and heated at 1250 degrees C from Table 3 at the time of hot forging (test numbers 1-14) is 
set to the JIS machine structural carbon steel of equivalent C content, deformation resistance with a rate [ of a lump ] of 60% (it is 1.0 
at the average equivalent strain of each part of a test piece) is low 10% or more, the limitation which the crack as deformability 
generates sets, and the rate of a lump is 85% or more. And t/r is 0.3 or more, and even if it carries out induction hardening on condition 
that [ former / of heating unit skin temperature / of 1 150 degrees C /, and holding-time 10 seconds ] an elevated temperature and 
long duration, the austenite grain size of a hardening hardening layer is a particle size regulation by five or more JIS grain-size 
numbers. 

[0067] Even if it is the steel of the example of this invention which has chemical composition within the limits of the content specified 
by this invention from Table 4, when whenever [ stoving temperature / at the time of hot forging ] is less than a convention of 1 100 
ciegrees C and this invention (test numbers 15 and 16), a limitation sets and the rate of a lump has not reached to 85%. 
[0068] Moreover, in using steel of the example of a comparison as a base material, do not fill the fall cost of deformation resistance to 
10% to the JIS machine structural carbon steel of C content of a (b) EQC. (**) — t/r when carrying out induction hardening (Ha) which 
a limitation sets and the rate of a lump is not filled to 85% is less than 0.3 — It corresponds to any one or more which the hard spot 
after (d) induction hardening, i.e., the austenite grain size of a hardening hardening layer, is less than five JIS grain-size number, or are 
» mixed grain sizes although austenite grain sizes are five or more JIS grain-size numbers. For this reason, cold-working nature and 
induction hardening nature are incompatible. 
[0069] 

[Effect of the Invention] Since it excels in the cold-working nature and induction hardening nature after spheroidizing, it does not 
coarse-grain-ize even if it carries out induction hardening on condition that [ which it moreover says is heating unit skin temperature / 
of 1 150 degrees C /, and holding-time 10 seconds ] an elevated temperature and a long time, but a ready fine grain is presented, this 
invention steel can be used as base materials, such as machine structural steel worker components and a constant-velocity joint which 
are the circumference components of a guide peg of an automobile especially. This machine structural steel worker component can be 
manufactured comparatively easily by the approach of this invention. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. *^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation between deformation resistance and the content of C. 



[Translation done.] 
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